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Abstract
Much of the research on age-related differences in the ability to inhibit
irrelevant information in a given task has been on the study of younger and
older adults. Only a minimal amount of research has focused on the
developmental differences in children and young adults. Accordingly, the
purpose of this paper is to examine whether age-related differences exist
between children and young adults in processes consistent with inhibition.
Third-, sixth-grade children, and college undergraduates listened to
twenty-four garden path passages containing either expected or
unexpected, but acceptable, conclusions. The twenty-four passages were
divided into four subsets, with each subset containing six passages. Each of
the six passages within a given subset consisted of a judgment task that
contained either ten or fourteen words, as appropriate for a mid-point or an
end-point testing of a passage. Participants were instructed to decide (yes
or no) whether each test word was consistent with his or her understanding
of the passage. Finally, each subset of six passages ended with the testing
of the inference questions that corresponded to passages contained in that
subset.
Analyses revealed both groups of children to be less efficient than
college students in the use of those attentional processes consistent with the
inhibitory processes of selective attention that restrict access to and limit the
maintenance of task-irrelevant information in working memory. Although
children and adults showed equally strong tendencies to accept a target
inference at the middle-test and end-test position, both groups of children
were more likely than young adults to accept a competing, alternate
interpretation of unexpected passages. The data reviewed here suggests
developmental differences between children and young adults exist in the

use of those processes required of inhibition that control the contents of
working memory.
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1
Introduction and Background to the Problem
A failure to suppress irrelevant information may be responsible for a
variety of inappropriate behaviors in the classroom. For example, when
asked to list characters from an orally read story, the young child may go offtask by describing his or her favorite foods, or what they want to do later in
the day. In this case, one interpretation might be the information that was
relevant for the task of describing the day’s previous events was either
displaced from working memory with an alternative stimulus that was
irrelevant to the task or the alternative stimulus simply remained
inappropriately activated within working memory. Within a classroom
setting, a deficient ability to actively suppress or inhibit unselected or
distracting information may significantly affect a child’s ability to learn new
material. This failure to suppress task-irrelevant information and hold only
relevant information activated within working memory may have rather
serious consequences for classroom learning in that irrelevant material may
not only interfere with the encoding of new, relevant information, but it also
may interfere with the retrieval of relevant information.
Recently, developmental theorists have suggested the existence of
adult age-related differences in the ability to suppress or inhibit irrelevant
information in a given task. For example, Hasher and Zacks (1988) have
proposed that older adults are less efficient than younger adults in the use of
those inhibitory attentional processes of selective attention that restrict
access to and limit the maintenance of task-irrelevant information in working
memory. The inefficient use of inhibitory processes leads to short-term and
long-term memory problems because the irrelevant information takes up
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valuable, but limited storage space in working memory.
Similarly, developmental theorists (Bjorklund & Harnishfeger, 1990;
Dempster, 1992; Harnishfeger, 1995; Harnishfeger & Bjorklund, 1993) have
recently suggested that young children’s inhibitory processes become more
efficient with age. These theorists have indicated that tasks of selective
attention are assisted or hindered by the individual’s ability to inhibit
distracting stimuli. As children grow older, they become more efficient in
their ability to inhibit irrelevant information. Therefore, young children do not
inhibit as efficiently as older children, who in turn do not inhibit as efficiently
as young adults. An alternative explanation is that children fail to suppress
irrelevant information while adults more successfully activate relevant
information. Although evidence is available that supports developmental
improvements in inhibitory processes (Harnishfeger, 1995; Harnishfeger &
Pope, 1996; Lorsbach & Reimer, 1996), the amount of evidence is limited.
Therefore, the general purpose of this study is to test the hypothesis that
developmental differences exist in the ability to suppress inferences that
become irrelevant during a listening comprehension and memory task.
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Literature Review
Selective attention is an essential facet of efficient inhibition and
functions in dual roles (Kane, Hasher, Stoltzfus, Zacks, & Connelly, 1996).
First, selective attention does not merely ignore unselected information, but
rather actively suppresses it. Second, access to and maintenance of
information in working memory is restricted to task-relevant information.
This restriction of access aiiows more mentai space to be available for the
processing and storing of task relevant information.
The theory of Hasher and Zacks (1988) focuses on the importance of
inhibitory mechanisms for the efficient operation of working memory.
Inhibitory mechanisms improve the efficiency of working memory in several
ways. First, efficient inhibitory mechanisms prevent irrelevant information
from entering short-term working memory. For example, during reading
inhibitory processes dampen those irrelevant ideas that are “peripheral to
the formation of a coherent and detailed representation of a text” (Hasher &
Zacks, 1988, p. 212). Second, inhibition prevents the sustained activation of
irrelevant information in working memory for any extended amount of time.
In this case, inappropriate thoughts that come to mind are quickly
suppressed so that they do not interfere with the ongoing processing of
relevant information. Finally, attentional inhibition may also prevent the
return of attention to a previously rejected item, whether that item is an
external stimulus event or a thought (Stoltzfus, Hasher, Zacks, Ulivi, &
Goldstein, 1993).
According to Hasher and Zacks (1988) when the efficiency of
inhibitory mechanisms is reduced, irrelevant information takes up valuable,
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but limited, storage space in working memory. Furthermore, inefficient
inhibitory mechanisms hinder the execution of cognitive processes by
maintaining irrelevant information in working memory. Relevant and
irrelevant information, therefore, remain equally activated and compete for
the limited processing space within working memory.
A number of contemporary theorists have argued that developmental
differences exist in the ability to suppress irrelevant information (Bjorklund &
Harnishfeger, 1990; Dempster, 1992; Harnishfeger, 1995; Harnishfeger &
Bjorklund, 1993; Hasher & Zacks, 1988; Zacks & Hasher, 1994). More
specifically, these theorists have suggested that inhibitory mechanisms
become more efficient during the course of child development and become
less efficient throughout adult aging. According to Harnishfeger and
Bjorklund (1993), children become increasingly efficient at distinguishing
and maintaining selective attention with age. Task-irrelevant information
hinders processing in working memory by monopolizing some of the limited
mental resources that might be better used for other facets of task
processing. Improved inhibition does not create more mental space for
processing, but allows less competing and irrelevant information into
working memory, allowing the working memory to devote more mental
resources to the task-relevant operations. Selective attention performance
improves with developmental advances in inhibition, enabling children’s
inhibitory processes to be increasingly efficient at limiting access of taskirrelevant information into working memory (Harnishfeger & Bjorklund,
1993).
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Adult Age Differences in Inhibition
Hasher and Zacks (1988) proposed a model which focuses on the
importance of inhibitory mechanisms for the efficient operation of working
memory. The authors note that inhibitory mechanisms may improve the
efficiency of working memory in a number of ways. First, efficient inhibitory
mechanisms prevent irrelevant information from entering working memory.
For example, during reading, inhibitory processes hinder those irrelevant
ideas that are “peripheral to the formation of a coherent and detailed
representation of a text” (Hasher & Zacks, 1988, p. 212) from entering
working memory. Moreover, inhibition suppresses the activation of
irrelevant ideas that may have entered working memory. In this case,
inappropriate thoughts that come to mind are quickly suppressed so that
they do not interfere with the ongoing processing of relevant information
According to Hasher and Zacks (1988), a variety of problems may
result from inefficient inhibition. These include the prolonged maintenance
of irrelevant information in working memory, increased competition in
retrieving relevant information, increased activation of “off-goal-path” ideas,
and a reduced ability to switch attention from one category of events to
another (Hasher & Zacks, 1988). An individual with inefficient inhibition may
be more distractible, may insert more inappropriate responses (and/or
require more time to make appropriate responses), and may be more
forgetful than individuals who possess more efficient inhibitory processes
(Hasher & Zacks, 1988). Hasher and Zacks observe that many of these
inhibitory problems are exhibited in older adults. They further note that
many of the above problems can be seen in other populations, such as
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individuals with clinical depression or children with attention disorders.
A number of studies provide support for the age-related decline in
inhibition. For example, evidence for an age-related decline in inhibitory
processes has been provided by Hasher, Stoltzfus, Zacks, & Rypma (1991)
using a negative-priming task. With this task, participants are presented
with a pair of stimuli (e.g., letters) and instructed to name one (target)
member of the pair as rapidly as possible. In the negative-priming condition,
the distracter item from the previous trial becomes the target item. In the
control condition of this study, participants name a target item that is
presented simultaneously with a similar distracter item. Inhibition is
revealed in the negative priming paradigm when the naming latencies of
targets in the negative priming condition are shown from those observed in
the control condition. Hasher et al. (1991) found that young adults exhibited
negative priming effects, whereas older adults did not. These results were
interpreted as evidence that young adults had attempted to inhibit the
distractor from the preceding trial. The absence of negative priming effects
with older adults suggests that they were not inhibiting the distracting
information from the previous trial.
Zacks, Radvansky, and Hasher (1996) compared the inhibitory
processes of younger and older adults in a series of experiments that used
variations of a directed forgetting procedure. Word lists were constructed in
which some of the words from a particular category were associated with a
“remember” cue, while other words were associated with a “forget” cue. The
first experiment used an item-by-item cueing procedure, whereas the
second experiment used a blocked cueing procedure. Immediately

7
following the study list in each experiment, participants were asked to recall
only to-be-remembered items. In addition to the immediate recall test, both
experiments included a final recall test in which the subject was asked to
recall all of the words, regardless of whether they had previously been
designated as to-be-remembered or to-be-forgotten items. In the second
experiment a recognition test was added. Reaction time of recognition
decisions was aiso measured to evaluate the efficiency of retrieval
inhibition. Zacks et al. (1996) reported three findings: 1) older adults
produced more to-be-forgotten items on the immediate recall test than
younger adults; 2) older adults took longer to reject to-be-forgotten items;
and 3) older adults recalled and recognized relatively more to-be-forgotten
items on delayed retention tests. These results suggest that older adults are
significantly more likely to maintain both relevant and irrelevant information
in working memory for longer periods of time. As a result, Zacks et al.
(1996) concluded that the efficiency of inhibitory processes among the aged
is reduced.
The ability to screen out irrelevant stimuli, attend to task-relevant
stimuli, and switch the focus of attention in response to changes, either in
goals or in the structure of information, is essential to the efficient processing
of working memory. When a particular goal is accomplished, relevant
information remains activated while irrelevant information is suppressed.
One such situation occurs with “garden path” sentences or passages, where
an initial interpretation proves to be incorrect, and, therefore, irrelevant.
Suppression of the incorrect information eliminates from working memory
those ideas connected to the misleading information in the front end of a
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garden path sentence or passage. By inhibiting the incorrect, misleading
information, more resources may be devoted to the processing of relevant
information.
Hartman and Hasher (1991) used garden path sentences to examine
whether older and younger adults are comparable in their ability to inhibit
information that suddenly becomes irrelevant during a memory task. During
the study phase of the experiment, younger and older adult participants
were required to read a series of high-cloze sentence frames and to
generate the final word for each of the sentences. Half of their generations
were confirmed by the subsequent presentation of the highly- probable
ending. For the critical sentences, the obvious high-cloze ending was
disconfirmed by the presentation of a possible, but unexpected ending (e.g.,
the word, “lap”, instead of “bowl” for the sentence frame, “She ladled the
soup into h e r______”).

In this case, “bowl” represents the disconfirmed

word, and “lap” represents the target word that is to be remembered.
Participants were instructed to remember only those endings that were
actually presented. Memory was then assessed by an indirect memory task
in which participants read medium-cloze sentence frames and completed
the sentences with the first word that came to mind. Hartman and Hasher
found that older adults showed memory for both the target and disconfirmed
word endings, whereas the younger adults exhibited memory only for the
target word endings.
In a similar vein, Hamm and Hasher (1992) asked younger and older
adults to read garden-path passages that contained either expected or
unexpected conclusions. The expected and unexpected versions differed in
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the degree to which there was contextual support for the final correct
inference in the first half of the passage. The first half of the unexpected
version led the participant to initially generate an incorrect inference.
Subsequent information provided in the second half of the passage
revealed that the initial inference was incorrect. Unlike the unexpected
version, the expected version provided information in both the first and
second half that was consistent with the final inference that is made at the
end of the passage. For example, both expected and unexpected versions
would support a final, correct interpretation (e.g., that an artist had received
a phone call telling him he had only three months to live). However, the first
half of the unexpected version would initially mislead participants (e.g., to
believe that the artist has only three months to complete a project). Hamm
and Hasher (1992) included a speeded judgment task at the end of the first
half or at the end of each passage. Participants judged each in a series of
words as to whether each word was consistent with their current
interpretation of the passage. Included among these words was one which
was consistent only with the correct final passage interpretation (e.g. “live”)
or one consistent only with the original interpretation in the unexpected
version (e.g., “finish”). The data of interest came from those trials in which
the test word was consistent with the event contained within the first half of
unexpected passages (e.g., “finish”). When tested at the midpoint of
unexpected passages, both younger and older adults were equally likely to
say “yes” to the competing inference (“finish”) that would later turn out to be
incorrect. When tested at the end of the passage, older adults were more
likely than younger adults to say “yes” to the competing inference (“finish”).
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Thus, older adults were less likely than younger adults to give up their
original interpretation of a passage when it turned out to be wrong. Older
adults showed a higher rate of acceptance of the competing inference than
did younger adults. The inclination of older adults to maintain activation of
competing inferences cannot be due merely to a defensive acceptance of
terms in order to prevent recognition and recall mistakes, as older adults did
not differ from younger adults in their acceptance of target inference terms.
Although the tendency to agree with a competing interpretation may reflect
subjects’ consideration of a variety of alternative interpretations, it remains
clear that older adults were more inclined to accept competing inferences as
consistent with their understanding of unexpected passages than were
younger adults. In other words, the older adults maintain an incorrect
inference in the face of contradictory information. This maintenance of an
incorrect inference is presumably due to a failure to inhibit previously
irrelevant information.
Developmental Differences in Inhibition
While studies show that inhibitory processes seem to weaken in
aging adults, a number of developmental theorists have proposed that
children improve in their ability to inhibit irrelevant information as they grow
older (Bjorklund & Harnishfeger, 1990; Dempster, 1991, 1992; Harnishfeger
& Bjorklund 1993; Harnishfeger, 1995 ). Dempster (1992) suggested that
there is a relationship between susceptibility to interference and inhibitory
inefficiency, and that this relationship may account for some developmental
and individual differences. Specifically, the greater the susceptibility to
interference, the poorer the efficiency of inhibitory processes. Dempster

11
(1991, 1992) further argued that interference regulation is a central role of
the frontal lobes. He noted that resistance to interference improves as the
child develops and then later decreases with adult aging. He linked these
developmental changes to changes in the frontal lobes, both during
childhood and throughout adult aging. Dempster (1991, 1992) stated that
full maturity of the frontal lobes does not take place until adolescence. Later
in life, functioning of the frontal lobes is one of the first neural structures to
show evidence of decline. In addition, any damage to the frontal lobes
throughout development may have repercussions for individual inhibitory
processes. Dempster (1991, 1992) concluded that frontal lobe damage may
result in a subject’s impaired ability to “suppress the memory of earlier trials
and thus to inhibit irrelevant stimuli” (p. 15).
Bjorklund and Harnishfeger (1990) also propose that inhibitory
processes become more efficient with age. According to Bjorklund and
Harnishfeger (1993), younger children possess less efficient inhibitory
mechanisms than older children. The inefficient inhibitory processes of
younger children result in limited working memory space being consumed
with irrelevant information; thus, less “mental space” is available for
processing task-appropriate information. Younger children are unable to
selectively attend to relevant information, and mental processing is thus
hampered by the competition between relevant and irrelevant information.
Bjorklund and Harnishfeger further explain that the maturing child’s
changing neurological system results in an increasingly efficient ability to
keep task-irrelevant information out of working memory. As inhibitory
processes become more efficient or automatic with development, irrelevant
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information is more actively suppressed and working memory is increasingly
available for operating and storage functions necessary for relevant
information.
Harnishfeger and Bjorklund (1993) cite a previously unpublished
study they conducted as evidence in support of their model. In this study,
the authors reported that young children’s poor memory performance was
attributable, in part, to the irrelevant information they maintained in long-term
memory. A series of memory experiments were conducted in which
children’s intrusion errors (i.e., producing a word at recall that was not on the
list of to-be-remembered words) were examined. They found that the recall
efforts of children aged three to five years resulted in significantly more
intrusions of non-list words than did those of third- and sixth-grade children.
In addition, the errors of children aged three to five years were more likely to
be task-irrelevant than were the intrusion errors of the older children.
Further evidence of developmental differences in cognitive inhibition
has been found by Harnishfeger and Pope (1996), who used a directedforgetting paradigm to study retrieval inhibition. They defined retrieval
inhibition as suppressing the activation of irrelevant information during
attempts to gain access to more relevant, previously learned information.
The authors further explain that inhibition is an active, ongoing process
which is initiated by the conscious intent to suppress the retrieval of
irrelevant information. As new information is presented, it is immediately
prioritized as relevant or irrelevant. The directed-forgetting task requires the
activation of a suppression mechanism that blocks access to retrieval paths
of the irrelevant to-be-forgotten items. Within the directed-forgetting
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paradigm, the operation of efficient inhibitory mechanisms is demonstrated
by poorer recall of to-be-forgotten items than to-be-remembered items, but
equivalent recognition of both the to-be-forgotten and to-be-remembered
items.
Harnishfeger and Pope (1996) also presented a blocked-cueing
variation of the directed-forgetting procedure to examine developmental
differences in retrieval inhibition. A list of 20 unrelated words was presented
to first-, third-, and fifth-graders, and adult participants. Each age level was
divided into three different conditions: foraet-all. foraet-onlv or remember-all.
In the condition names, the first word refers to the type of cue given half way
through the list and regards only the first half of the list (remember versus
forget). The second word refers to the instructions given at recall (recall all
words versus recall only the to-be-remembered words). Recall and
recognition were the dependent variables. The results indicated that the
ability to efficiently inhibit the retrieval of to-be-forgotten items following a
forget cue develops with age over the elementary school years. First
graders proved to be inefficient inhibitors, recalling as many first list-half
items when they were to-be-remembered as when they were to-beforgotten. Third-graders demonstrated an ability to modify their performance
after the forget cue to some degree, but not as efficiently as the fifth graders
or the adults. Put in another way, first graders were less efficient inhibitors
than third graders, who, in turn, were less efficient than fifth graders. Adults
demonstrated the most efficient retrieval inhibition.
Other evidence of developmental differences in the inhibition is
provided by Lorsbach and Reimer (1996). Their study used Hartman and

14
Hasher’s (1991) paradigm to determine whether there are developmental
improvements in the ability to inhibit information that has become irrelevant
during a sentence processing and memory task. A series of high-cloze
sentence frames was used with the final word missing (e.g., “He mailed the
letters without a n y

.”). Second grade, sixth grade and young adult

participants listened to the sentence frames and attempted to predict the
ending for each sentence. For the critical sentences, the subject’s response
(“stamps”) was disconfirmed with an unexpected ending (e.g., help) thereby
creating an off-garden path line of thought. Regardless of whether the
subject’s response was confirmed or disconfirmed, participants were
instructed to remember the noun (target) that was presented to them. In
addition, a sentence-completion task measured implicit memory for both
disconfirmed and target nouns in terms of priming effects. Lorsbach and
Reimer (1996) found that the memory for disconfirmed and target nouns was
found to vary across the different age groups. Children, particularly second
graders, showed memory for only the previously disconfirmed words, but not
the target words. In other words, the younger children were not successfully
ignoring endings that they had generated but that proved irrelevant to the
task. Sixth graders, on the other hand, showed equivalent memory for
target and disconfirmed words. In contrast, young adults exhibited memory
only for the target nouns.
The Formation of Inferences in Children
Garden path stories are designed specifically to induce participants
to encode material in a way that will later turn out to be wrong. In order to
accomplish this, not all information is provided, and the reader/listener must
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make inferences using facets of what was actually supplied, as well as
personal background knowledge. For example, suppose a reader
encounters the following sentences: “The vase fell to the floor. The child
jumped upon hearing the great crash.”. The reader is left to infer that the
sound of the breaking vase made the loud crash. This inference would be
based on the information supplied, since that fact was never explicitly stated.
This “inference formation” is a critical step in text processing and is essential
to all garden path studies, particularly those involving more elaborate texts.
The ability of a reader/listener to make inferences depends, to a great
extent, on the knowledge base of the individual. This background
knowledge accounts for individual and developmental differences over a
number of cognitive operations, including the ability to make inferences
(e.g., Bjorklund & Buchanan, 1989, Waggoner & Palermo, 1989). In fact,
prior knowledge is essential for inferencing (Kintsch, 1994). For example,
the children with lower IQs make more inferences within an area in which
they have expertise, than do other children with higher IQs who know less
about the same area (Schneider, Korkel, & Weinert, 1989; Yekovich,
Walker, Ogle & Thompson, 1990). Expertise depends more on background
knowledge than on capacity measures such as IQ or short-term memory
(Barnes, Dennis & Haefele-Kalvaitis, 1996). A child whose hobby is
bicycles, often has better memory for types of bicycles and bicycle races
than an adult who has little interaction or interest in bicycles. Studies using
garden path passages are more successful, therefore, when using stories
involving points of prior knowledge familiar to all the subjects involved.
Ample evidence is available to support the observation that children
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may accurately generate inferences by the beginning of elementary school
and middle childhood (Ackerman & McGraw, 1991; Ackerman, Paine, &
Silver, 1992; Ackerman, Silver, & Glickman, 1990; Casteel & Simpson,
1991). The developmental implications of inference generation have long
been studied by Ackerman and his colleagues (Ackerman, 1988a;
Ackerman, 1988b; Ackerman & McGraw, 1991; Ackerman, et al., 1992;
Ackerman, et ai., 1990). In each of his studies, Ackerman and his
colleagues used a listening task for first through sixth graders and college
adults, focusing on elaborative causal inferences. Ackerman and his
colleagues examined possible developmental differences in the formation of
elaborative causal inferences by presenting stories to children (grades 1-6)
and college students. Elaborative causal inferences are necessary to
provide a knowledge base within a text for the unexpected outcomes of
some goal-oriented causal chain of activities. One such story might be of a
man fixing his car. Included within the steps of repairing the car might be:
(1) getting into the car, (2) trying to start the car, (3) opening the hood, and
(4) going into the garage for tools. Often the inference measures would
include both yes/no recognition probes to a logical series of activities.
Manipulations would include substituting neutral fillers for expected steps in
the activities, adding titles that are more specific to the activities, or including
or deleting mention of a focal concept in the goal sentence. Ackerman’s
research on inference generation revealed four points of interest. First, the
mention of the focal concept (the car) in clues immediately prior to the
outcome has a strong facilitative effect on inference generation related to the
focal concept, particularly in the case of younger children. The second
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finding is that the interactions of information at encoding and retrieval are
often more significant to younger children than to older children and adults.
For example, by varying the conceptual match between the clue concept
(the car) and the probed concept in the inference question (“car” or
“vehicle”), second graders were found to be more affected by the mismatch
than fifth graders and college students. However, when inferences involve
highly accessible concepts (e.g., established by consistent clues),
developmental differences were minimal. Third, children appeared to
benefit from clues that introduce a context or setting for a concept. For
example, younger children profit strongly from titles that introduce an object
concept, when combined with local object clues (Ackerman et al., 1990;
Ackerman et al., 1991). Ackerman et al. (1991) found that additional
supporting information early in a story also showed a significant facilitative
effect on second graders’ object inference recognition and explanation
performance. Finally, the fourth finding of Ackerman’s research is a
variability in preference for different kinds of inferences across the ages (cf.
Ackerman, 1988a; Ackerman et al., 1990; Ackerman & McGraw, 1991). In
situations where inferences are equally plausible, children are more likely to
make intent inferences involving the character’s state of mind than adults,
and less likely to make object inferences. This does not mean that children
cannot make the same inference, but may reflect a preference for a different
inference solution. Children will be less able to distinguish between what is
stated in a story and his or her own causal inferences. If the child assumes
the inference to be of explicit fact, revisions to make the story more coherent
would be unlikely.
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Casteel and Simpson (1991) also examined developmental changes
in the ability to draw inferences with second, fifth, and eighth grade children,
and college undergraduates. Developmental differences in inferencedrawing ability, as well as differences in the kinds of inferences drawn, were
examined. Casteel and Simpson (1991) began by creating a pool of eight
stories that yielded predictable inferences for outcomes of commonplace
events.

From aii the stories, two types of inferences could be drawn: those

that are critical to the comprehension of a story (backward inferences), and
those that are not (forward inferences). Backward inferences are highly
predictable and strongly suggested by the presence of text. However, they
were created by an inference sentence followed by an inducing sentence
(e.g., “The egg fell to the floor. There was a mess all over.”). Forward
inferences were created solely by an isolated inference sentence.
Participants were asked questions testing whether the appropriate
inferences had been drawn. Regarding developmental differences in
inference-drawing ability, the study demonstrated that children as young as
second grade are able to draw inferences from text, particularly when the
coherence of the test requires a backward inference. Moreover, second
grade children, were found to be capable of drawing either type of inference.
However, inference-drawing ability did increase with age, as both the
accuracy and reaction time indicated. Although all participants were
successful in drawing both kinds of inferences, backward inferences were
drawn more reliably and more rapidly than were forward inferences at all
levels. As a result, this study is consistent with previous research in that as
children age, they are increasingly able to draw inferences from text.
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In addition to the ability to make inferences, garden path passage
studies require the ability to temporarily sustain activation of multiple
interpretations of the text while processing relevant and irrelevant
information. Little research has been conducted on the relation between
inferences and a listener’s sense of understanding such as would be
necessary to process a final interpretation. Young children’s ability to
monitor their own understanding is cruciai to their ability to comprehend
stories involving unexpected events. According to recent research, such
sensitivity increases strongly through the elementary grades (Ackerman,
1986, 1988b; Baker, 1985; Zabrucky & Ratner, 1986). Many researchers
conceptualize this self-monitoring as involving an evaluation process and a
regulation or resolution process. Evaluation generally involves detecting
problems in story information, while regulation concerns the actions taken to
correct a problem, such as making a causal inference. This research shows
that detection usually increases with age (Ackerman, 1986, 1988b; Baker,
1985; Zabrucky & Ratner, 1986) and that young children usually
acknowledge or report detected inconsistencies after a story only in special
circumstances (Ackerman, 1986; Baker, 1984). Children therefore are less
likely to self-monitor their resolution of relations between unexpected events
within a story, and will be more likely to reach a less coherent representation
of the story.
Purpose of Research
The research examines whether there are developmental
improvements in the ability to inhibit information which is no longer relevant
in a memory task. The methods used herein are patterned after Hamm and
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Hasher (1992) who used garden-path stories to examine whether older
adults have greater difficulty than younger adults in their attempts to inhibit
previous inferences that ultimately are shown to be incorrect. Children from
the third and sixth grades, and college students listened to 24 storypassages, each consisting of two paragraphs. The first paragraph of each
passage contained text which either prepares the subject for the target
inference (expected passage), or provides iittle textual support for the target
inference and serves to mislead the subject into drawing an incorrect
inference (unexpected passage). The second paragraph of each passage
contained text which clearly supports the target inference, requiring the
abandonment of any previous incorrect inference in favor of the target
inference. Inference information was tested at either the middle or end point
of the passage. It is hypothesized that the younger children possess less
efficient suppression mechanisms and have greater difficulty than older
participants inhibiting the incorrect inferences that are made during the first
half of the stories and activating the correct inferences.
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Method
Participants
Twenty-four participants at each of three age levels (third grade, sixth
grade, and college) were involved in this experiment. The mean
chronological ages of the three age-groups were 9 years-2 months, 12
years-4 months, and 22 years-11 months. The three age-groups were
similar in gender composition, with 13 males and 11 femaies in grade three,
10 males and 14 females in grade six, and 10 males and 14 females in the
college group. The three age-groups were also comparable with respect to
their racial and ethnic composition, with 1 Hispanic and 23 Whites in grade
three, 24 Whites in grade six, and 1 African-American and 23 Whites in the
college group.
Signed consent of college students and parent permission and child
assent were obtained for all participants (See Appendix A for copies of
these forms).
Materials
The materials and procedures were similar to those used by Hamm
and Hasher (1992). Twenty-four short passages were used in the
experiment, with each passage containing a title and a description of a
concrete event. All passages, including their titles, were tape-recorded for
presentation with the voice of an adult male. Each passage was written in
both an expected and an unexpected version (See Appendix B for the
expected and unexpected version of each passage.). In the expected
version of the passages, the final correct inference that is to be made (target
inference) is supported in both the the first and second half of the passage.
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In the unexpected version of passages, however, the first half of the passage
provides very little contextual support for the target inference. Indeed,
during the first half of the unexpected version of passages, the information
that is provided is more consistent with an inference that competes or is
inconsistent with the target inference. The second half of the unexpected
version of passages, however, is identical to the expected version of
passages and, consequently, is fully consistent with the target inference.
Although most of the 24 passages were written specifically for this
study, several passages were adapted from Hamm and Hasher (1992). All
passages were piloted with second graders and college students with
several rounds of testing in order to assure that younger children and adults
displayed an equal probability of making the same inferences with each of
the passages.
A recognition memory task accompanied the expected and
unexpected versions of each passage and appeared at either the middle or
the end test-position. For the unexpected passage version, the middle testposition is that point in the passage just prior to the presentation of
contradictory information (i.e., information that is consistent with the final
target inference). The critical word was always presented first in the test
sequence, followed by the random presentation of old, previously presented
passage words, and new control words. The new words were not found in
any of the passages and an attempt was made to select words that had no
obvious relation to the events of any of the 24 passages. The critical word
consisted of either a target or a competing inference and, therefore, never
actually appeared in the passage. The mean concreteness ratings of target
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and competing inference terms were 6.28 and 6.04 (Gilhooly & Logie, 1983;
Paivio, Yuille, & Madigan, 1968; Toglia & Battig, 1978), respectively. Old
and new control words also possessed similar concreteness ratings in
available word norms (e.g., Paivio et al., 1968), 5.5 and 5.74, respectively.
The presentation of control words served two purposes. First, testing of
additional words in the form of old and new controls made the testing of the
critical inference word iess obvious to the participant. Second, testing of old
and new control words measured the extent to which the participant was
attending to the passage and discriminating between the presentation of old
and new information.
When tested at the middle of a passage, 8 test words were presented,
beginning with either the target or competing inference word, and followed
by the random presentation of 3 old and 4 new control words. The 3 old
words that were tested at the middle of a passage were common to the first
half events of both expected and unexpected versions of passages. When
tested at the end of a passage, 12 test words were presented, beginning
with a critical inference word (target or competing) and followed by 5 old
words (3 from the first half of the passage and 2 from the second half of the
passage), and 6 new words (4 from the alternate middle test position and 2
that were completely new).
The combination of two passage versions (expected and
unexpected), two test positions (middle and end) and two inference words
(target and competing), created eight conditions. Each of the eight
conditions was represented by 3 passages for a given participant. Across
the 24 participants in each age group, each of the 24 passages was used
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equally often in the 8 conditions of the experiment (See Appendix C for a
more detailed account of counterbalancing procedures).
Finally, an inference question was written for each passage.
Procedure
Participants listened to 24 passages and were tested individually.
Instructions emphasized the importance of listening carefully to the title and
events of each passage, due to the fact that memory questions would later
be asked about each passage (See Appendix D for complete instructions).
Each passage was accompanied by a recognition task that contained
either 8 or 12 words, depending on whether testing occurred at the middle
or at the end of a passage. Participants were instructed to decide (yes or
no) whether each test word was consistent with his or her understanding of
the passage. The instructions indicated that in some instances a test word
may have actually appear in the passage. Participants were instructed to
respond, “Yes,” when they recognized a word that had appeared in the
passage. Instructions also indicated that other test words may not have
been presented in the passage. Participants were encouraged to respond,
“Yes,” to these words as long as they believed that these words were
consistent with their understanding of the passage. Participants were also
told that completely new words would be presented. Participants were to
respond, “No,” if they believed that a test word was not presented in the
preceding passage, or if a given test word was inconsistent with their
understanding of a passage.
The 24 passages were divided into four presentation blocks. At the
end of each presentation block, participants were presented with a series of
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6 inference questions. The title of each passage, along with its
corresponding inference question, were asked in the order in which they
were presented in the preceding block (See Appendix E for sample
protocol).
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Results
Responses to Target and Competing Inferences
The mean proportion of "yes" responses to target and competing
inferences are presented according to each experimental condition in Table
1. An Age (3rd grade, 6th grade, or college) X Passage Version (expected
or unexpected) X Test Position (middle or end) mixed-design Analysis of
Variance (ANOVA) was used to examine "yes" responses, with Age being
the between-subjects variable, Passage Version and Test Position serving
as within-subjects variables. Target or competing words were analyzed
separately because they were unique sets of words that could not be
counterbalanced in the construction of the story passages. An alpha level of
.05 was used for all statistical tests.
Following to Hamm and Hasher (1992, pp. 58-59), a "yes" response
indicates that the participant believes that the word either occurred in the
preceding passage or that it was consistent with their current understanding
of that passage. The analysis of "yes" responses to target and competing
inferences provides information about the nature of those inferences that are
formed at both the middle- and end-test positions of expected and
unexpected passages, and whether the pattern of these effects varies with
age.
Target Inferences
The effects of Passage Version, F(1,69) = 418.554, MSe = .026, and
Test Position, F(1,69) = 367.865, MSe = .026, were each significant, as was
their interaction, F(1,69) = 223.142, MSe = .035. Tests for the simple effects
of Test Position with expected and unexpected passages indicated that the
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Passage Version X Test Position interaction was due to a significant
increase in "yes" responses between the middle- and end-test positions with
unexpected passages, F(1,69) = 366.33, MSe = .047, but not with expected
passages, F(1,69) = 3.606, MSe = .014, p = .062.
The Passage Version X Test Position interaction may be seen in
Figure 1. At the middle-test position of unexpected passages, participants
responded "yes" to target inferences only 19% of the time. However, at the
end-test position of unexpected passages, participants accepted target
inferences 88% of the time. In contrast, when presented with expected
passages, participants agreed with the target inference 91% of the time
when tested at the middle position, and 94% of the time when tested at the
end-test position. Finding a significant increase in "yes" responses between
the middle- and end-test positions with unexpected passages, but not with
expected passages, is consistent with the use of garden path stories. In
each case, target inferences were accepted a high percentage of the time at
the end-test position of both expected and unexpected stories. Most
importantly, these garden path effects were consistent across the three age
levels tested. There was no significant effect of age (g > .12), nor did age
interact significantly with either of the two remaining variables. Thus, both
children and adults responded similarly to target inferences, regardless of
whether targets were tested in expected or unexpected passages, or
whether they were tested at the middle- or end-test position.
Competing Inferences.
The analysis of "yes" responses to competing inferences revealed
that the effects of age, F(2,69) = 7.972, MSe = .086, Passage Version,
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F(1,69) = 383.898, MSe = .034, and Test Position, F(1,69) = 83.415, MSe =
.058, were each significant. In addition, the Age X Test Position interaction,
E(2,69) = 7.702, MSe = .058, the Passage Version X Test Position
interaction, E(1,69) = 42.804, MSe = .064, and the Age X Passage Version X
Test Position interaction, E(2,69) = 6.565, MSe = .064, were significant.
In order to interpret the Age X Passage Version X Test Position
interaction, the effects of Age and Test Position were examined with both
expected and unexpected passages. Analysis of "yes" responses with
expected passages indicated that only the effect of Age was significant,
E(2,69) = 10.434, MSe = .05. Post hoc comparisons (Newman-Keuls test)
indicated that both third graders (M = -29) and sixth graders (M = .29) were
more likely than college students (M =-11) to respond, "yes," to competing
inferences in expected passages. These age differences indicate that when
given passages that tend to elicit high-probability inferences, both groups of
children are significantly more apt than college students to accept alternate,
low-probability inferences.
The analysis of "yes" responses with unexpected passages indicated
that the effects of Age, E(2,69) = 3.394, MSe = .069, and Test Position,
E(1,69) = 131.673, MSe = .054, were each significant, as was their
interaction, E(2,69) = 13.906, MSe = .054. Tests of the simple effects of Age
at each Test Position indicated that the three age groups did not differ
significantly in their rate of acceptance of competing inferences at the
middle-test position (jd > .14). However, significant age differences in the
acceptance of competing inferences were present at the end-test position,
E(2,69) = 14.036, MSe = .062. Post hoc comparisons indicated that
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although third graders (M = -53) and sixth graders (M = -57) did not differ
from each other, both groups of children were significantly more likely than
college students (M = -22) to accept a competing inference at the end-test
position of unexpected passages.

The Age X Passage Version X Test Position interaction may be seen
in Figure 2. The top of the panel shows that when compared with college
students, third graders and sixth graders were more likely to accept
competing, low-probability inferences at both the middle- and end-test
positions of passages containing expected endings. The bottom of the
panel shows that when competing inferences were presented in the context
of unexpected passages, the three age-groups showed an equally strong
probability of accepting competing inferences at the middle-test position.
However, at the end-test position both groups of children were significantly
more likely than college students to accept the competing inference as
being consistent with their understanding of unexpected passages. These
age differences in the acceptance of competing inferences at the end-test
position of unexpected passages contrasts with the results obtained with
target inferences. At the end-test position of unexpected passages, the
three age-groups exhibited an equally high acceptance rate of target
inferences: third graders (M = -86), sixth graders (M = -86), and college
students (M = -93). Thus, although children and adults showed equally
strong tendencies to accept a target inference at the end-test position, both
groups of children were more likely than young adults to accept a
competing, alternate interpretation of unexpected passages.
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Responses to Noncritical Words
The analysis of correct recognition responses was restricted to the
three old words and four new words that appeared in first half of each
passage because these words appeared at both the middle-test and the
end-test positions. The mean proportions of correct recognition responses
to noncritical words are presented in Table 2 according to hits (old words)
and correct rejections (new words) in each experimental condition. Correct
recognition responses were analyzed using an Age (third grade, sixth
grade, or college) X Item Type (hits or correct rejections) X Passage Version
(expected or unexpected) X Test Position (middle or end) ANOVA, with Age
as the only between-subjects variable. Item Type was included in order to
determine whether there were any group differences in hits, correct
rejections, and in combined hits and correct rejections. Analyzing hits and
correct rejections reveals possible differences in response bias. Response
bias would be indicated by an inverse relation between the two types of
correct responses (i.e., either many hits and few correct rejections or few hits
and many correct rejections). Group differences in response bias would be
indicated by differences in the magnitude of this inverse relation. The
possibility of age differences in response bias is particularly important in that
a bias to respond, "yes," to new words may be the underlying factor in the
greater willingness of the two groups of children to accept competing
inferences at the end-test position of unexpected passages.
The effects of Age, E(2,69) = 4.281, MSe = .015, Item Type, F(1,69) =
115.392, MSe = .016, and Test Position, F(1,69) = 3.979, MSe = .005, were
each significant. In addition, several significant interactions were obtained.
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Age interacted significantly with Item Type, E(2,69) = 5.469, MSe = .016.
The Age X Item Type interaction was further analyzed by testing separately
the simple effects of Age with hits and correct rejections. Significant age
differences were present with hits, F(2,138) = 8.173, MSe = .016, but not with
correct rejections (£ > .20). Post hoc comparisons of age found that college
students produced a hit rate (M = .90) that was larger than that of either sixth
graders (M = -83) or third graders (M = -86), but that the latter two age groups
did not differ from each other.
The Age X Item Type interaction was alternatively examined by
testing the simple effects of Item Type with each age level. The correct
rejection rate was significantly larger than the hit rate with third graders,
F(1,69) = 25.974, MSe = .016, sixth graders E(1,69) = 79.03, MSe = .016,
and college students, E(1,69) = 21.354, MSe = .016. Thus, although correct
rejections were significantly larger than hit rates with all age levels, these
differences were yet larger with sixth graders. Because the correct rejection
rates were significantly larger than the hit rates for all age levels, these
results suggest that each age group, particularly the sixth graders, tended to
be somewhat cautious when responding. This response caution resulted in
each age group being generally biased to say, "No," when judging whether
a noncritical item was presented previously in the passage. Therefore, this
response caution suggests that the greater willingness of the two groups of
children to accept competing inferences at the end-test position of
unexpected passages is not due to a general willingness to say, "yes," to
new items.
There was also an Item Type X Test Position interaction, E(1,69) =
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5.048, MSe = .004. Simple effects tests indicated that Test Position had a
significant effect upon hit rates, F(1,69) = 5.371, MSe = .007, but not upon
correct rejections (F < 1). Not surprisingly, the mean hit rates were
significantly greater at the middle-test position (M = -87) than at the end-test
position (M = -85), where memory was tested following the presentation of
additional information from the second half of the passage.
Finally, there was an Age X Passage Version X Test Position
interaction, E(2,69) = 3.795, MSe = .004. This 3-way interaction was
examined further by testing the effects of Passage Version and Test Position
at each Age level. With third graders, only the Passage Version X Test
Position interaction was significant, E(1,23) = 6.828, MSe = .002. Simple
effects tests indicated that recognition memory was better at the middle-test
position (M = -93) than at the end-test position (M = -89) of unexpected
passages, E(1,23) = 5.862, MSe = .003, but there was no effect of Test
Position with expected passages (E < 1).
With sixth graders, the effects of Passage Version and Test Position
did not have any significant main or interactive effects upon the correct
response rates. However, the effect of Test Position was near the traditional
level of significance, E 0 ,23) = 4.007, MSe = .002, £ = .0572, with recognition
memory at the middle-test position being somewhat better than at the endtest position.
For college students, only the Passage Version effect was significant,
E(1,23) = 4.643, MSe = .001, with unexpected passages yielding a higher
rate (M = .95) of correct recognitions than that found with expected passages
(M = -94).
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Recall of Target Inferences
The mean proportions of target inferences recalled are presented in
Table 3 according to each experimental condition. Recall of target
inferences was analyzed in an Age (third grade, sixth grade, and college) X
Test Word (target or competing) X Passage Version (expected or
unexpected) X Test Position (middle or end) mixed-design ANOVA, with
Age as the oniy between-subjects variable. The variable, Test Word, was
included to determine whether inference recall was affected by the presence
of either the target or competing inference term in the recognition task that
accompanied each passage.
The effects of Age, F(2,69) = 11.008, MSe = .108, Test Word, F(1,69)
= 28.122, MSe = .045, and Passage Version, F(1,69) = 37.455, MSe = .046,
were each significant. In addition, there were a number of significant
interactions: Age X Test Word, F(2,69) = 4.825, MSe = .045; Age X Passage
Version, F(2,69) = 6.889, MSe = .046; Test Word X Passage Version, F(1,69)
= 8.092, MSe = .029; and Age X Test Word X Passage Version, F(2,69) =
3.99, MSe = .029.
The Age X Test Word X Passage Version interaction was examined
further by analyzing the effects of Age and Test Word with each Passage
Version. Analysis of recall performance with expected versions of passages
indicated that the effect of Age, E(2,69) = 3.076, MSe = .027,

jd =

.0525, fell

short of being significant at the .05 level. There was, however, a significant
effect of Test Word, F(1,69) = 7.089, MSe = .014, with recall performance
being higher when targets (M = -92) were presented than when competing
words (M = -87) were presented in the recognition test.
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For unexpected versions of passages, the effects of Age, F(2,69) =
13.294, MSe = .051, and Test Word, F(1,69) = 28.294, MSe = .023, were
each significant, as was their interaction, F(2,69) = 7.115, MSe = .023.
Simple effects tests revealed that there were no age differences in recall
performance when target words had been presented in the recognition task
(p > .08). However, significant age differences in recall were observed
when competing inference terms were presented, F(2,121) = 20.197, MSe =
.037. Post hoc comparisons indicated that the recall performance of college
students (M = -92) was significantly better than both the third graders (M =
.58) and sixth graders (M = -65), but that the two groups of children did not
differ significantly from each other.
The Age X Test Word interaction that was observed with unexpected
versions of passages was alternatively analyzed by examining the effects of
Test Word at each Age level. For college students, recall did not vary with
whether the target or competing inference terms had been presented
previously (F < 1). However, recall performance was significantly lower with
both sixth graders , F(1,69) = 13.316, MSe = .023, and third graders, £(1,69)
= 29.183, MSe = .023, when competing inferences were presented than
when target words were presented.
The Age X Test Word X Passage Version interaction is graphically
depicted in Figure 3. The top panel shows that when given expected
versions of stories, the recall of target inferences was significantly better
when target, as opposed to competing, inferences were in the recognition
test list. However, the bottom panel shows that when given unexpected
versions of passages the differential effects of target and competing
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inferences upon recall was qualified by age level. In this case, although
there were no age differences when target inferences were presented, the
recall of both groups of children was significantly lower than college
students when the competing inference was presented in the recognition
test list. Alternatively, whereas college students were unaffected by the
presentation of target or competing inferences, the recall performance of
both groups of children suffered when they were given competing, as
opposed to target, inferences.
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Discussion
The current study examined the empirical question of whether
developmental differences exist in the availability of inferences during a
listening comprehension task. A series of passages was presented, with the
first half of each passage being either consistent (Expected Version) or
inconsistent (Unexpected, garden-path Version) with the events contained
in the second half of the passage. At the middle- or end-point of each
passage participants were presented with a brief yes/no recognition task
that contained the appropriate target inference or the competing inference
term. “Yes” responses were used as evidence that a given inference term
had been activated and was currently available. There were no age
differences in the acceptance rates of target inferences. Appropriate target
inferences were formed and were equally available to all three age groups
at the middle- and end-test position of both expected and unexpected
passages.
Although there was no age differences in the acceptance of target
inferences, significant age differences appeared in response to competing
inferences. Both groups of children were more likely than college students
to accept competing inferences at both the middle- and end-test positions of
passages containing expected endings. Greater acceptance of competing
interpretations in the context of expected passages “may reflect subjects’
consideration of a range of alternative explanations” (Hamm & Hasher,
1992, p. 59). With respect to the unexpected, garden-path passages, both
groups of children were more likely than college students to accept the
competing inference as being consistent with their understanding of events
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at the conclusion of the passage. Thus, children displayed a greater
tendency than college students to continue to accept inferences that,
although consistent with the first half of the passage, were no longer
supported by the unexpected turn of events that occurred in the second half
of the passage. It is important to note that the greater tendency of children to
accept competing inferences occurred despite the fact that children equaled
college students in their high acceptance rates of target inferences at the
end of unexpected passages.
The greater inclination on the part of children to accept competing
inferences cannot be attributed to a general tendency to say “yes” during the
recognition test. A nonspecific tendency to respond, “yes,” would be
revealed if the two groups of children had displayed a greater tendency than
young adults to respond, “yes,” to all words. However, analysis of the
noncritical items indicated that each of the three age groups, particularly the
sixth graders, tended to be cautious in that they tended to say, “no,” when
judging whether a noncritical item was presented previously or was
consistent with the preceding passage.

Such response caution suggests

that the greater willingness of the two groups of children to accept
competing inferences was not due to a general willingness to say, “yes,” to
new items. Although both groups of children were more inclined than the
young adults to accept competing inferences as consistent with their own
interpretation, they were not inclined to broadly accept all potential words.
The greater availability of competing inferences in children appears
to have adversely affected their recall performance on the inference
question in a particular condition within the experiment. When unexpected
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versions of passages were presented, the recall performance of children
was significantly lower than that of college students when competing
inference terms had been presented in the earlier recognition task. In
contrast, there were no significant age differences when target inference
terms had been presented in the recognition list of unexpected versions of
passages. Given that children were more willing to accept competing
inferences in the unexpected versions of passages, the presentation of the
competing inference word in the recognition test could have heightened the
activation of these inappropriate, competing inferences. As a result,
children’s recall of target inferences could have suffered as a result of the
competition that occurred between target and competing inferences at the
time of retrieval.
The results of the present study are compatible with the observation
that developmental and life span differences exist in the use of those
inhibitory processes that control the contents of working memory (Bjorklund
& Harnishfeger, 1990; Dempster, 1992; Harnishfeger & Bjorklund, 1993;
Hasher & Zacks, 1988; Stoltzfus, et al., 1993; Hasher, et al., 1991; Zacks &
Hasher, 1994). The developmental differences that were observed in the
present study may be explained in terms of children being less efficient than
college students in using inhibitory processes to control the contents of
working memory. According to this interpretation, inefficient inhibitory
processes may have affected the performance of children in several
important ways. First, one of the major functions of inhibitory processes is to
prevent irrelevant information form gaining access into working memory
(Hasher et al., 1991). Although the representations of familiar, but
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extraneous, information may initially be activated automatically, these
representations are quickly inhibited and denied access into working
memory because they are irrelevant to the goals of the task. Children were
apparently less able than younger adults to prevent competing inferences
from gaining access into working memory. Evidence for this observation
may be seen in group differences at the middle-test position of unexpected
versions of passages where children were significantly more likely than
younger adults to accept competing inferences. For example, at the middletest position of the expected version of “The Lion” children accepted both the
target inference (camera) and the competing inference (gun). College
students, on the other hand, tended to consider only the target inference at
the middle-test position. Children, in a sense, were allowing a broader
range of possible inferences to enter working memory, whereas college
students were selective and focused their attention on target inferences.
A second function of inhibitory processes involves eliminating or
deleting information from working memory that has become irrelevant in a
given task (Hasher et al., 1991). Children in the present study experienced
difficulty clearing information from working memory that turned out to be
irrelevant. Both children and college students each demonstrated that they
possessed the appropriate interpretation (target inference) at the end-test
position of passages with unexpected endings. However, both groups of
children sustained activation of those competing inferences that were
initially generated in the first half of the garden path. College students, in
contrast, abandoned the competing inferences when those inferences
became irrelevant in the second half of garden path passages. Thus,
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although children have no difficulty activating the correct target inference,
they tend to sustain inferences that are no longer relevant.
Allowing competing inferences to gain access into working memory,
and failing to delete competing inferences that later proved to be incorrect,
are two inhibitory failures that may have adversely affected both the storage
and retrieval of target inferences in children. Each of these inhibitory
breakdowns could have resulted in the representations of target inferences
receiving additional “cross-talk” and “time-sharing” with the representations
of competing inferences in working memory (Hasher et al., 1991). Because
of this time-sharing, the storage of target inferences became “cluttered” with
competing inferences. The simultaneous storage of both target and
competing inferences as memory units would make it more difficult to
subsequently retrieve target inferences. Such retrieval difficulties were
experienced by children only when competing inference terms had been
presented in the recognition list of unexpected versions of passages.
Apparently, the reactivation of competing inferences in the recognition test
disrupted the accessibility of target information in children.
Finding developmental differences in inhibitory processes is
consistent with the results of a recent study by Lorsbach and Reimer (1996).
Lorsbach and Reimer used garden-path sentences to examine inhibitory
processes in 2nd graders, 6th graders, and college students.
Developmental improvements in inhibitory efficiency were found to be
graduated, with second graders showing memory only for no longer relevant
information (disconfirmed nouns), sixth graders remembering both the no
longer relevant (disconfirmed nouns) and the relevant information (target
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nouns), and college students remembering only the task-relevant
information (target nouns). Similar to the Lorsbach and Reimer study, when
compared with college students, children in the current experiment
experienced difficulty deactivating or deleting information that suddenly
became irrelevant in the second half of a garden path. However, unlike the
children in the Lorsbach and Reimer study, the two groups of children in the
present experiment did not differ from each other. Direct comparisons of the
results of these two studies are difficult in that different materials were used
(i.e., garden-path sentences vs. garden-path passages). In addition,
different memory tasks were used in the two studies. In the Lorsbach and
Reimer study, inhibition of no longer relevant information was assessed
through the use of indirect tests of memory. In contrast, the present
experiment used recognition and recall tasks that required participants to
deliberately search memory and use conscious judgment and decision
processes. The voluntary and deliberate nature of direct tests of memory
may reveal a different developmental pattern of inhibitory processes than
that which is revealed with indirect test of memory. In either case, it would
appear that inhibiting the initial misunderstanding that is produced by the
first half of a misleading garden path may be particularly difficult for children,
even when more elaborate contextual information is provided within
passages.
The present results appear to indicate that children allow a broader
range of information to remain active in working memory, whereas young
adults seem to be more selective as to the information that they allow to
enter and remain active in working memory. This conclusion assumes that
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what adults perceive as inappropriate is also perceived as inappropriate by
children. However, it is possible that the perceived semantic
appropriateness or relevance of information in the current task may not have
been comparable for children and college students (see Paul, 1996 for a
similar observation about younger and older adults). That is to say, the
competing inferences that were considered to be irrelevant by college
students may not have been quite as irrelevant to the children. Thus, it is
possible that the children in this study did not necessarily regard competing
inferences as irrelevant and consequently did not feel compelled to inhibit
those inferences. In addition, rather than failing to inhibit competing
inferences, children may have a cognitive style which attempts to
incorporate information that is inconsistent with their current understanding.
Unfortunately, the results of the current study indicate that there are costs
associated with such attempts to accommodate competing interpretations of
a passage.
An alternative explanation of these results would be to consider that
the children sustain a broader range of activation for alternative solutions
than do college students. Children may have been generally less efficient at
preparing for and accepting alternative inferences, and thus remained open
to more than one possible solution. Given that children were more willing to
accept the competing inference at the mid point and the end point of both
expected and unexpected passages, it should be considered that their
“enriched activation” may have made them more likely to consider more
than one interpretation of the passages. Hasher and Zacks (1988)
speculated, on the basis of existing findings in the attention, memory and
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language literatures, that a diminished inhibitory system will exclude fewer
stimuli from consideration. In contrast to the children, young adults were
more likely to abandon the competing inferences when those inferences
became irrelevant in the second half of garden path passages. Young
adults may be more efficient than children at dampening irrelevant stimuli
and further activating the appropriate target inferences.
Needless to say, one must always be cautious when discussing the
practical, everyday implications of an experimental study such as the
present one. Nevertheless, it is possible that the results of the current study
may have implications for the spoken and written language discourse of
children. Because there are often sudden shifts in fictional and non fictional
text, as well as changes in characters and settings, the ability to abandon
thoughts that are no longer relevant is critical for language comprehension
(Hasher, Zacks, & May, in press). For example, there are often
circumstances in which one suddenly realizes that he or she has initially
misinterpreted the information within an academic text. Under these
circumstances, it is imperative that the misunderstanding be quickly cleared
from working memory so that one can accurately understand the correct
issue within the lesson. The effects would be the same for orally presented
material within the classroom. Sudden shifts in presentation of subject
matter or even presenting material in a variety of ways may have a negative
affect on children’s processing of and memory for relevant information. A
variety of presentations and solutions could influence the way knowledge
comes to be represented and accessed in children. The results of the
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current study suggest that because they do not abandon their initial
misunderstandings, children may later fail to remember the correct
interpretation of a previous memory episode.
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Table I
Mean Proportion of "Yes" Responses to Target and Competing Inferences
as a Function of Passage Version and Test Position for each Age Group.
Expected
Aae Group

Middle

Unexpected
End

Middle

End

Third Grade
Target

.92 (.15)

.96 (.11)

.25 (.26)

.86 (.19)

Competing

.26 (.28)

.32 (.29)

.90 (.15)

.53(.29)

Sixth Grade
Target

.85 (.28)

.89 (.21)

.15 (.24)

.86(.26)

Competing

.36 (.28)

.22 (.23)

.81 (.26)

.57(.29)

Colleae
Target

.96 (.11)

.99 (.07)

.18 (.22)

.93(.14)

Competing

.17 (.20)

.06 (.13)

.94 (.16)

.22(.29)

Note. Standard deviations are presented in parentheses.
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Table II
Mean Proportion of Correct Responses to Noncritical Words as a Function
Item Type, Passage Version, Test Position, and Age Group.

Expected
Aae Group

Middle

Unexpected

End

Middle

End

Third Grade
Hits

.86 (.10)

.86 (.10)

.89 (.08) .84 (.13)

.95 (.06)

.98 (.04)

.96 (.05) .93(.07)

.85 (.13) .79 (.12)

.84 (.11) .82 (.11)

Correct
Rejections
Sixth Grade
Hits
Correct
Rejections

.99 (.02) .99 (.02)

.98 (.02) .99 (.02)

.88 (.11) .90 (.12)

.91 (.09) .90 (.09)

.98 (.04) .98 (.04)

.99 (.02) .98 (.06)

Colleae
Hits
Correct
Rejections

Note. Standard deviations are presented in parenthesis.

53
Table III
Mean Proportion of Inferences Recalled as a Function of Passage Version,
Test Position, and Test Word for each Age Group.

Expected
Aae Group

Unexpected

Middle

End

Target

.90 (.21)

.93 (.17)

.78 (.29)

.86 (.19)

Competing

.85 (.24)

.85 (.24)

.57 (.35)

.59 (.33)

Target

.92 (.15)

.86 (.19)

.79 (.24) .83 (.22)

Competing

.83 (.28)

.83 (.22)

.67 (.30) .64 (.34)

Target

.97 (.14)

.94 (.16)

.90 (.15) .94(.13)

Competing

.94 (.13)

.90 (.15)

.97 (.09) .86(.19)

Middle

End

Third Grade

Sixth Grade

Colleae

Note. Standard deviations are presented in parentheses.
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Figure 1. Mean Proportion of “Yes” Responses to Target Inferences as a

Proportion
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F ig u r e d Mean Proportion of “Yes” Responses to Competing Inferences as
a Function of Test Position and Grade with Expected and Unexpected
Passages.
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Eigure 3.

Mean Proportion of Target Inferences Recalled as a Function of

Test Word and Grade With Expected and Unexpected Passages.
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Appendix A
Parental, Adult and Child Consent Forms

PARENTAL INFORMED CONSENT
IRB# 1
TITLE OF RESEARCH: "Story memory in children and adults"
Dear Parent,
We are writing this letter to ask your permission to allow your child to
participate in a research study that will be conducted at your child’s school.
The purpose of the study is to determine whether there are developmental
differences in the ability to suppress formerly relevant information that has
entered working memory. Each child will be tested individually in a session
lasting about 40 minutes. Children will participate in a task in which brief
passages are read to them and they are asked to judge words as consistent
with their interpretation of the theme of the story, as well as answer one
inference question for each passage. Your child is eligible to participate
because he or she is enrolled in the 3rd or 6th grade in the Millard Public
Schools.
The activities will not place any pressure on children. The activity is
presented as a game and it is hoped that each child enjoys participating.
Please be assured that your child’s identity will not be involved in any way
with our research findings.
Although there are no direct benefits to your child, it is hoped that the
results of this research will tell us more about the age-related differences in
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cognitive skills. Upon completion of this research, a final report of our
findings will be shared with the staff of the Millard Public Schools.
If you have any additional questions regarding this research, please
do not hesitate to ask. Please contact one of us or the University of
Nebraska Institutional Review Board (IRB).
Please take a moment and complete the attached form and return it in
the enclosed envelope as soon as possible. (Please note that no postage is
necessary).

Sincerely,

Gerilyn Katz

Tom Lorsbach, Ph.D.

Amy Cupak

Resource Room

Professor

Graduate

Teacher

Research

Millard Public

Assistant

Schools
(594-2255)

(554-3345)

(554-3345)
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Please return this form in the enclosed envelope. Thank you very much.

Your response to one of the following statements indicates
whether or not you are allowing your child to participate in the research
project entitled, "Story memory in children and adults." Your signature
indicates that you have decided to aiiow your child to participate.
***********

Please check one of the following statements:
YES, my child may participate
NO, my child may not participate.

Signature of Parent

Date

Name of child

School enrolled

60

Child ASSENT FORM
IRB#
TITLE OF RESEARCH: "Story memory in children and
adults"

1.

I would like to invite you to take part in this study. You are

eligible to participate because you are in the second or sixth grade.
2.

Your parents have been asked to give their permission for you

to take part in this study. Please talk this over with your parents
before you decide whether or not to participate.
3.

If you have any questions at any time, please ask.

4.

In this study we are trying to learn more about how children

understand and remember details from stories.
5.

You will be asked to take part in a task lasting about 40

minutes. You will be read stories and asked if words from a list go
with the story or do not.
6.

We want children to try their best, but to look upon these

activities as games and to enjoy the tasks. The activities
are not related to any school testing.
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YOU ARE MAKING A DECISION WHETHER OR NOT TO BE IN THIS
STUDY. SIGNING THIS FORM MEANS THAT YOU HAVE DECIDED TO
PARTICIPATE AND HAVE READ ALL THAT IS ON THIS FORM.

SIGNATURE OF PARTICIPANT

Date

SIGNATURE OF INVESTIGATOR

Date
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Adult ASSENT FORM
IRB#
TITLE OF RESEARCH: "Story memory in children and
adults"

1.

I would like to invite you to take part in this study. You

are eligible to participate because you are an adult.
2.

If you have any questions at any time, please ask.

3.

In this study we are trying to learn more about how

children and adults understand and remember details from
stories.
4.

You will be asked to take part in a task lasting about 40

minutes. You will be read stories asked if a words from a list
go with the story or do not. After a group of stories, you will be
asked one question about each story.
5.

We want all participants to try their best, but to look upon

these activities as games and to enjoy the tasks.
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YOU ARE MAKING A DECISION WHETHER OR NOT TO BE IN THIS
STUDY. SIGNING THIS FORM MEANS THAT YOU HAVE DECIDED TO
PARTICIPATE AND HAVE READ ALL THAT IS ON THIS FORM.

SIGNATURE OF PARTICIPANT

Date

SIGNATURE OF INVESTIGATOR

Date
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Appendix B
Expected and Unexpected Passages
#1

Jack and Andy - Eiipseiisdi Version The snow was deep in the front yard of Jack and Andy’s house. They
were anxious to finish their project. Together, they had rolled several huge
balls of snow and now they were ready to put them in place. They placed
the huge balls of snow side by side so that it faced their enemies. They
thought that the huge balls of snow would protect them. Jack ran inside the
house and found a long stick and an old woolen scarf.

Meanwhile, Andy

began making snowballs and stockpiling them behind their wall of defense.
midpoint
Jack and Andy - LnG"ui::pisGsil Version
The snow was deep in the front yard of Jack and Andy’s house. Jack
and Andy were anxious to finish their project. Together, they had rolled
three huge balls of snow and now they were ready to put them in place.
Nearby, they had a long stick and an old woolen scarf. They paused and
thought about other things they could use for decoration.
midpoint
As Jack and Andy hid behind their wall of snow, they knew that they
had done a good job. Using the scarf and the long stick to make a flag had
been a great idea. They were now ready to have a fun snow-ball fight with
the children in the next yard!
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#2

The Maid-Expscttad Version
As the maid admired the decorative magnets on the white door, she
was interrupted by her growling stomach. Her hungry stomach was a
reminder that she had not eaten lunch. The maid wiped her hands on a
towel and opened the white door. She looked anxiously at what yummy
foods lie inside on the brightly lit shelves. The coolness felt good as she
stood in front of the open door. She looked inside and thought that the cold
ham, cheese, and pickles would taste good on her sandwich.
midpoint
The Maid - U nsxpiotsa Version
It was going to be a very busy afternoon. The maid had not taken
time to eat lunch because she was concerned about how much work she
still had to do. She dreaded cleaning the toilet, the sink, and that grimy
shower. She wondered where she should start. With a heavy sigh, the
maid opened the door and wiped her hands on a towel.
midpoint
The maid reached inside the white door and grabbed the ham,
cheese, and pickles for her sandwich. As she closed the door, one of the
many decorative magnets fell off of the door and onto the floor. After placing
the magnet back on the door, she placed her food on the table. When she
had finished eating her sandwich, she quickly drank a large glass of milk
and went back to work. Now that she was no longer hungry, the maid
thought that she ready to begin her job of cleaning that toilet, sink, and
grimy shower in the next room.
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#3
Frank and his Father - E x p o s e ! Version
Frank and his father were on a weekend camping and fishing trip.
They were trying to decide what to have for dinner. After a brief discussion,
they decided to have hot dogs and baked beans. They had only a little
charcoal, so Frank gathered up some wood and twigs. Frank’s father pulled
out some matches and lighter fluid from a flame-proof canvas bag. The hot
dogs would be heated on the ends of long sticks and the beans would be
heated in a cast-iron pan that could withstand great heat. Once the food
was cooking, they realized how hungry they were. Frank added a little
pepper to the pan the way his mother always did at home in the kitchen.
midpoint
Frank and his Father - Uft exp acted Version
Frank and his father were deciding what to have for dinner. Without
Frank’s mother to help, their choices were limited. After a brief discussion,
the decision was made to have hot dogs and baked beans. Frank got out
the necessary pan while his father opened the can of beans. Once the food
was cooking, they realized how hungry they were. Frank added a little
pepper to the pan the way his mother always did when she cooked in the
kitchen.
midpoint
Frank never realized that cooking outdoors would be so hard. His
mother made it look so easy at home. There was much more to it than
gathering wood. He was glad his father was there to show him how it was
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done properly. He was learning a lot on this fishing trip. Although they
hadn’t caught any fish yet, Frank knew that tonight, a hot dog on the end of
his stick would taste just as good.
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#4
The Big Afternoon - E x p ir e d Version
Having just returned from the fabric store, the surgeon was very
excited about what she was preparing to do that afternoon. She had studied
a book carefully and reviewed the pattern from the fabric store repeatedly.
Before starting, she reached up to adjust the lamp above her head so she
could thread the needle. Then she made sure that she had the correct color
of thread and that the buttons were the right size. By the end of the
afternoon, she hoped that she would be finished with her skirt.
The Big Afternoon - U unrip e s l i d Version
The surgeon was very nervous about what she was preparing to do
that afternoon. She had studied many books carefully and felt confident that
she was well prepared. She reached up to adjust the lamp above her head
slightly before she threaded the needle and began the delicate procedure.
As she started, she thought one last time about the length of the cut that she
was about to make.
midpoint
She laid the material out on the table and cut out the pattern
according to instructions. She completed each seam, carefully avoiding any
mistakes. By three o’clock, she was almost done. After stitching the hem,
she tried the skirt on to check its length. The surgeon was surprised that she
had become so good at her new hobby.
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#5
Taking a Walk with Mike - Expected Version
It was a beautiful summer afternoon. Mrs. Flynn decided to go
walking with her little boy, Mike. He was a little toddler who enjoyed riding
in the stroller and taking walks with his mom. They were always making
interesting discoveries on their nature walks. Last week he had seen his
first bunny rabbit. Today, he saw something new and became very excited.
He looked into the sky and pointed at something that was flapping its wings.
midpoint
Taking a Walk with Mike - y rn ix p ic te d Version
It was a beautiful summer afternoon. Mrs. Flynn decided to go
walking with her little boy, Mike. Mike was a little toddler who enjoyed riding
in the stroller and taking walks with his mom. They were always making
interesting discoveries on their nature walks. Over the last few weeks, they
had been watching some caterpillar cocoons, anxiously awaiting their
opening. As they looked around, Mike suddenly saw something new and
became very excited. He looked and pointed at something flying that had
beautifully decorated wings. It was rising gracefully from a delicate flower
and fluttered just above his head before flying away in the sky.
midpoint
Although it was flying very fast, they could see its feathers and hear
the flapping of its wings. They could also see that it had captured an insect
on the ground and was carrying it in its beak. Obviously, the hard-working
Mother was carrying the insect back to its nest full of babies. Mike and his
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Mom looked about in the trees wondering where the nest might be hidden.
They knew it must be close because they could hear the chirping of the
hungry babies.
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#6

The New Arrival - ExpBBttBd Version
Mr. and Mrs. Jones invited their friends and neighbors over to see the
very adorable and very young addition to their family. Although it was fun to
have the new pet, it was a lot of work. The tiny creature meowed all night
and demanded a lot of time. It was not until Mrs. Jones was faced with
feeding the hungry animal around the clock did she realize how much hard
work and patience lay ahead of her.
midpoint
The New Arrival - UsriexrpBBtBd Version
Mr. and Mrs. Jones were proud “new parents.” They were very
excited and invited many friends and neighbors over to see the new addition
to their family. It was not until Mrs. Jones was faced with feedings around
the clock did she realize how much hard work and patience lay ahead. The
very tiny and very adorable addition to their family always seemed to be
hungry and cried often and loudly. The proud new mommy was a tired
mommy because the new arrival rarely slept through the night.
midpoint
As it got older, its fur became thicker and it did not meow quite as
much during the night. Mrs. Jones did not have to worry as much as the
weeks went by and she had more free time. She often brought new toys
home for her pet to play with. It was really fun to watch the little ball of fur
chase the toy mouse and play with the ball of yarn.
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#7
The Office - Expected Version
One day, during math class, the voice of the school secretary came
over the intercom. She stated that Phillip should report to the office
immediately. He had been afraid this would happen. He desperately
wished he did not have to go. Six months ago he had to have two cavities
filled and his teeth cleaned. As he stepped through a doorway, he saw his
mother standing impatiently in the office with a frown on her face and her
hands on her hips. He wished he did not have this appointment today!
midpoint
The Office - Unexpected Version
One day, during math class, the voice of the school secretary came
over the intercom. She stated that Phillip should report to the office
immediately.

Everyone in the room gasped and turned to look at him.

In

the third grade, there is only one reason anyone gets called to the office!
One of the other students commented, “Uh, Oh, Phillip’s in trouble now!” His
feet dragged and he walked slower and slower as he neared the office. He
desperately wished he could be walking back to his classroom right now.
As he stepped through the doorway, he saw his mother standing inside the
office with a frown on her face and her hands on her hips.
midpoint
As he walked through the doorway, Phillip’s mother spoke up
immediately, explaining that they were late for Phillip’s appointment and had
to hurry. She took Phillip’s hand, told the secretary how nice it was to see
her, and opened the door for Phillip. As they walked out to the car, Phillip
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thought about how much he disliked having his teeth checked. He hoped
that he didn’t have any cavities.

He had been doing a good job of brushing

his teeth and trying not to eat too much candy.
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#8

Annie Talks with Her Fat her-Exp set ad Version
Although ten inches of snow had fallen during the night, today was a
bright and sunny winter’s day. Inside their warm house, little Annie and her
father stood beside the window and looked out at the beautiful snow. Annie
and her father live on a farm near a crossing. As they looked toward the
crossing, they could hear a loud whistle, feel the rumbling, and see the
smoke rising in the sky. Annie’s father asked if she could see the tracks.
midpoint
Annie stood up on her tiptoes and looked toward the crossing near
her house. There at the crossing, she could see the smoke rising from the
engine of the huge locomotive as it pulled a long, rumbling line of coal cars.
The shiny iron tracks at the crossing were no longer hidden beneath the
blanket of snow and were now easy to see. Annie told her father that she
could see the tracks.
midpoint
Annie Talks to Her Father - Uanjaxpactad VeofiToffi
Although ten inches of snow had fallen during the night, today was a
bright and sunny winter’s day. Inside their warm house, little Annie and her
father stood beside the window and looked out at the beautiful snow. Annie
and her father lived on a farm near a crossing. As they looked out the
window, Annie and her father watched a beautiful animal with antlers walk
slowly in the snow and then leap gracefully over a fence. Annie’s father
asked if she could see the tracks.
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midpoint
Annie stood up on her tiptoes and looked toward the crossing near
her house. There at the crossing, she could see the smoke rising from the
engine of the huge locomotive as it pulled a long, rumbling line of coal cars.
The shiny iron tracks at the crossing were no longer hidden beneath the
blanket of snow and were now easy to see. Annie told her father that she
could see the tracks.
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#9
The Big Game - Expsotscl Version
It was the day of the big game, the College World Series
championship game. Tommy was disappointed that his father was not able
to get tickets. Fortunately, the game was also on TV. During a commercial
break, Tommy ran into the kitchen to grab a pop from the fridge and a bag of
chips. When he returned, he sat down again and increased the volume just
as the first player came up to bat.
midpoint
The Big Game - UGi®ip#otsd Version
Tommy and his father had been waiting to see this game all week.
The College World Series was in town and it had been difficult to get tickets
to the championship game. Tommy picked up his popcorn and leaned
forward excitedly. The crack of the bat signaled the beginning of the first
inning. The player who had just hit the ball was safely on second base and
was waving to the crowd. Tommy cheered along with the other fans. What
a night this was going to be!
midpoint
Using his remote control, Tommy turned up the volume so he
could better hear the cheering crowd on the TV. Just then, he heard the
garage door opening. He called out to his Dad, urging him to hurry. His
father hung up his coat, kicked off his shoes, and immediately joined Tommy
in cheering for their favorite team, the Bluejays.
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#10
The House - E x p ire d ! Version
While driving through a wealthy neighborhood, a strange and
suspicious looking man noticed an expensive house with a “For Sale” sign.
The man was an escaped criminal and he was imagining all of the
expensive jewelry and valuables that might be inside of the wealthy home.
The man made an appointment with the realtor so he see the inside of the
house that afternoon. When he arrived for his appointment, the man took
his time inspecting many details of the house. He studied very carefully the
locks on doors and windows. While the realtor was.not looking, the crafty
man cut a wire on the alarm system that protected the house from evil men
such as him.
midpoint
The House - Unexpected Version
While driving through a wealthy neighborhood, a man noticed a large
house with a “For Sale” sign. He had been looking for just such a house for
quite a while. The man made an appointment with the realtor so he see the
inside of the house that afternoon. When he arrived for his appointment, the
realtor opened the locks on the front door and the men entered the home.
The man took his time inspecting many details of the house, such as the
fancy hand-carved doorways and the painted glass windows. The man told
the realtor that was interested in moving into this neighborhood and asked
the realtor about the price of the house.
midpoint
That night, the man returned to the house after dark and broke in
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through the back door. The next morning the owners of the house
discovered that all of their valuable antiques and jewelry were gone. Upon
hearing about the incident, the realtor called the police and told them about
the man who had spent so much time inspecting the details of the house.
The police were eventually able to arrest the thief and return the valuables
that had been taken.
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#11
The Landlord and the Tenant - Expsetrad Version
The landlord and his tenant bargained on the deal. They had met
many times during the week to try to come to an agreement. As they walked
down the hall, the landlord reminded the tenant that all four tires were brand
new and the stereo system was fully loaded. They walked down to the
garage so the tenant could have another look. In addition to the interior, he
wanted to look again under the hood.
midpoint
The Landlord and the Tenant - yfta^pasted Version
As the landlord and the tenant walked down the hall, they bargained
on the deal. The tenant had been looking through the newspaper all week
trying to find one that he liked. The landlord was used to renting to new
tenants and treated all potential customers the same. As he held the door
open for the tenant to look around one last time, the landlord said again that
he was anxious to come to an agreement.
midpoint
The tenant opened the trunk and measured the space. He
would often put many boxes in there so the trunk must be large. He felt he
needed to drive it one more time to be sure. After turning the key in the
ignition, he backed it out of the garage, and took it for a quick spin around
the block. He liked the way it handled and agreed on the deal. The tenant
paid the landlord with money he had borrowed from his mother.
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#12

Busy in the Kitchen-ExrpsstsVersion
Jim and Jane were busy in the kitchen, working with great
enthusiasm. Made up of only salt, flour and water, the clay was easy to mix,
but had a horrible taste. Jim found this out one year when he confused it for
Pillsbury dough. He found out that the clay tasted worse than broccoli! After
all the dough was rolled out, they took turns cutting stars, trees, and circles.
Soon the shapes were baking in the oven. Although Mom was sick with the
flu, she would enjoy seeing the results of their annual Christmas tradition.
By the end of the day, their brightly colored shapes would be hanging from
the Christmas tree.
midpoint
Busy in the Kitchen - OrfjsxpaMsd Version
Jim and Jane were busy in the kitchen. They had already mixed the
dough. The flour had been a little messy to stir in, but they worked with
enthusiasm. Once the salt was added and all the ingredients were mixed,
they rolled the dough flat. After all the dough was rolled out, they took turns
cutting stars, trees, and circles. Soon the shapes were baking in the oven.
Although Mom was sick with the flu, she would enjoy seeing the results of
their annual Christmas tradition!
midpoint
As the clay shapes were hardening, Jim and Jane got out the paints,
glitter, and yarn so they would be ready to decorate the shapes when they
came out of the oven. Jane watched the clock anxiously. If they did not
poke a hole in each shape at just the right time, the shapes could never be
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hung from the branches. There would be no way of attaching the yarn and
tying each shape to the Christmas tree.
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#13
The Firefighter - l^ p s g tic l Version
When the firefighter looked down through the open door, he could
see the blazing forest fire as he flew over it. At any moment the pilot would
give the signal that it was time for the large company of firefighters to jump.
As he watched the wing cut through the smoke-filled air, the firefighter took
a deep breath to calm himself. He checked his parachute and made the
signal that he was ready. The firefighter said a quick prayer and then
jumped. For several seconds, he fell rapidly to the ground before his chute
opened.
midpoint
The Firefighter -

Version

As he stood by the window, the firefighter could see that the fire was
spreading quickly. He knew that he would have to jump at any moment. As
he looked down to the ground, the firefighter took a deep breath to calm
himself. The firefighter made the signal that he was ready. He said a quick
prayer and then jumped.
midpoint
When his parachute opened, the long ride to the ground was slow.
He used this time to watch the forest fire below. Fortunately, an easterly
wind was blowing the smoke away from him. He and his fellow firefighters
were instructed to attack the fire from the west side, and dig a trench around
the fire. When he landed safely on the ground, he looked up in the sky and
saw another aircraft flying overhead as it got ready to drop more firefighters.
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#14
Billy’s Breakfast - Expected Version
As soon as his alarm clock sounded, Billy got out of bed and got
dressed. As he was putting away his pajamas, he began thinking about
how hungry he was this morning. When he walked into the kitchen, he said,
“Good Morning!”, to his mother who was seated at the kitchen table. Billy
looked over to the kitchen counter and, as always, his mother had made
preparations for his breakfast. On the counter, beside the toaster, his
mother had placed several items including a plate, a knife, some butter and
a jar of grape jelly.
midpoint
Billy’s Breakfast-Unexpected Version
As soon as his alarm clock sounded, Billy got out of bed and got
dressed. As he was putting away his pajamas, he began thinking about
how hungry he was this morning. When he walked into the kitchen, he said,
“Good Morning!”, to his mother who was seated at the kitchen table. Billy
looked over to the kitchen counter and, as always, his mother had made
preparations for his breakfast. On the counter, his mother had placed
several items including a plate, a knife, a fork, some butter, and a bottle of
Aunt Jemima syrup.
midpoint
Billy’s mother enjoys baking and had baked the night before. Billy got
a freshly baked loaf and carefully cut two thin slices of whole wheat. He
then placed the two slices in the toaster. In a couple of minutes, the two
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slices of whole wheat popped up. The two slices had turned to a nice,
golden brown color.
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#15
The C o w b o y -l^ p i# ri£ l Version
The cowboy made sure that everything was ready for the big race.
He had checked the air pressure in his two tires. He also made sure that the
handlebars were the right height. He even checked the two peddles and the
spokes on each wheel. He again nervously checked to make sure his tires
had enough air. This was the young cowboy’s first race and he was very
nervous. Most of the other riders and more experience than the young
cowboy. He was glad his family was there to cheer for him.
midpoint
The C ow boy-U aaxpseiid Version
This was the young cowboy’s first race and he was very nervous. He
knew this was going to be a difficult ride. There were many good riders who
had entered the race. Most of the riders had more experience than the
young cowboy. His family was there to cheer for him. He felt a great deal of
pressure to do well for them.

He made sure that everything was ready. He

was wearing his favorite pair of jeans. He wore his favorite hat for good
luck.
midpoint
The cowboy took a deep breath. He knew that his trusty two-wheeler
would help him win the race. The cowboy approached the starting line. All
the other contestants were also wheeling up to the line. Just before the start
of the race, the cowboy put up the kickstand and got comfortable in his seat.
He kept one foot on the ground for balance until the starting whistle came.
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#16
The Hike-Expected Version
Sam was proud to be a member of his boy scout troop. It was the
middle of August and the scouts were on their summer camping trip. The
entire troop was about to go on an afternoon hike. The sun’s heat was
beating down on the hikers and the hot wind was blowing. Before leaving,
the scouts checked the contents of their packs to make sure they were
prepared. Sam pulled several items from his pack, one by one. The
scoutmaster walked by and advised Sam to make sure that his cap was on
tight so that no water would spill and be wasted. Sam reached into his pack,
pulled out his clear, plastic container and tightened the cap. He was now
sure that he would have water to drink when he needed it.
midpoint
The Hike-Uoexpected Version
Sam was proud to be a member of his boy scout troop. It was the
middle of August and the scouts were on their summer camping trip. The
entire troop was about to go on an afternoon hike. The sun’s heat was
beating down on the hikers and the hot wind was blowing very, very hard.
Sam needed to protect his body from the heat. The scoutmaster advised
Sam to make sure that his cap was on tight.
midpoint
Each boy scout carried his own water in a clear, plastic container in
the front pocket of his pack. The scoutmaster had told Sam to tighten his cap
because he wanted to be sure that Sam would not spill any water as he
hiked on such a hot afternoon. They were planning on hiking for several
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hours up the side of the mountain. Sam knew he would want to drink his
water later when he became thirsty. So, he made sure that the cap was on
tight.

89
#17
Erin’s Trip - Exp'SCttud Version
Erin was not feeling well and decided to find out what was wrong.
She went into the city and entered a building hoping to check out a book that
explained her problem. As Erin walked through the door, she realized she
was not sure where to look for the right book. So she went to the front desk
to ask for help. The nice lady gave Erin some information and explained
how to use the card catalog and how to check out a book. Erin then took an
elevator to the third floor.
midpoint
Erin’s Trip - Unexpected Version
Erin was not feeling well and decided to find out what was wrong.
She looked up the phone number of her friend in the telephone book. Her
friend was an emergency room nurse and would know what to do. The
friend told Erin what to do. Erin went into the city and, a little scared, entered
the building hoping to find an answer. She walked through the door and
went to the front desk to ask for help. She was told to take an elevator to the
third floor.
midpoint
She found a book that explained her problem. Erin then returned to
the main desk and checked out the book. The lady behind the desk told Erin
that the book would be due in two weeks. Erin promised to return the book
when it was due. She was always very careful to return books on time so
she would not have to pay a fine for overdue books.
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#18

A Wet Puppy-E^psMsd Version
One wet and windy day, a small brown and white puppy stood
dripping on the carpet by the front door. Although he was clean now after a
good scrubbing, he was still very wet. Standing on his back legs, the little
dog continued to scratch on the front door, whimpering loudly. He
desperately wanted his master to let him play outside. Just then, his master
did come around the corner, but only to pick up the puppy with a thick towel.
Once out of the tub, the puppy often managed to run away and drip all over
the floor.
midpoint
A Wet Puppy-Un exp®cied Version
One wet and windy day, a small brown and white puppy stood
dripping by the front door. The rain poured down. Each drop danced and
splashed on the sidewalk. Standing on his back legs, the soggy little puppy
continued to scratch on the door and whimper loudly, as he impatiently
waited for his master to come to the door.
midpoint
Earlier in the day, when he was outside, the puppy had been
digging in the muddy garden. The puppy was looking for a gopher who had
been hiding in the earth below. The owner saw how dirty the puppy had
become, so he brought the puppy inside and cleaned him up. After a good
scrubbing in the tub, the owner began drying the clean puppy off. Both
knew there would be no more playing in the mud today.
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#19
Fun at the Park - Exp e eri e cl Version
Jenny loved to play at the park near her home. There were so many
things to do. She could run and skip, smell the flowers, and play with her
friends. Today she decided to spend some time on the playground
equipment that was there. Jenny thought, “Oh, what fun it is to go back and
forth through the air! It almost feels like I’m flying.” What made it really
special was having Mom there to push her higher now and then.
midpoint
Fun at the P a rk-U irjsxp iclid Version
Jenny loved to play at the park near her home. There were so many
things to do. She could run and skip, smell the flowers, and play with her
friends. Today she decided to spend some time on the playground
equipment that was there. Oh, what fun it was to climb into the air and then
ride down on the smooth surface to the ground! What made it really special
was having Mom there to greet her back at the bottom each time she came
down.
midpoint
Very soon it was time to go home. “I must have one more ride before
we leave,” decided Jenny. Jenny found a seat and took a firm grip on the
two chains. “Give me a push, Mom,” called Jenny. As her mother pushed
her, Jenny went flying upward into the sky. With each push, she went higher
and higher. When it was finally time to go, Jenny thought about whether or
not she should jump off.

But she wasn’t feeling very brave today and

decided to wait patiently as her ride gradually slowed to a stop.

92
#20

The Carpenter - I®p®@K'.§d] Version
The carpenter knew this was going to be a big job. He had planned
everything out very carefully. The tail gate to his vehicle was lowered and,
in the back, was the big stack of lumber, along with his long ladder, and his
trusty power saw. He even examined each of his tools to make sure that
they were in good working order. He was confident that he was prepared for
this job as he drove slowly down the road. As he was driving, everything
was fine until he struck the nail that was lying in road.
midpoint
The Carpenter -

Version

The carpenter knew this was going to be a big job. He had planned
everything out very carefully. He had his long ladder and his trusty power
saw. He even examined each of his tools to make sure that they were in
good working order. The big stack of lumber was waiting for him. He was
confident that he was prepared. Everything was fine until he struck that nail.
midpoint
As he was driving, he saw a big shiny nail sticking up in the
road. He tried not to drive over it, but it was too late and he could not avoid
it. As soon as he struck the nail, he heard a loud hissing sound. He pulled
over to the side of the road, jacked up his truck, and put on the spare.
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#21

The Lion - Expa'Stud Version
A famous big-game hunter was on a photographic safari in the
jungles of Africa. He had hunted lions for years but never for pictures like he
was now. He thought that the color film he was using would help create
beautiful photographs. He looked forward to using the photographs to
illustrate a book he was writing about wild animals. As the hunter walked
through the jungle, he found a lion’s trail and followed it into the trees. He
spotted the lion in a small clearing and quietly moved closer. The hunter
focused on the lion, took careful aim, held his breath, and took the shot.
midpoint
The Lion - Unexpected Version
A famous big-game hunter was on another safari in the jungles of
Africa. Even though he had hunted lions for years, this time, it felt very
different. The first afternoon in the jungle the hunter found a lion’s trail and
followed it into the trees. Once he spotted the lion in a small clearing, he
moved as quietly as he could. The hunter squinted one eye as he looked
through the magnifying lens. He could see the very eyes of the great beast.
The hunter focused on the lion, took careful aim, held his breath, and took
the shot.
midpoint
He hoped that the lion would not hear the click of his shutter as took
the photograph. But the lion heard the shutter click and ran back into the
jungle. As he placed the cap on his telephoto lens, he hoped the

94
photograph would be perfect. The setting was peaceful. The wild flowers
were colorful and the trees created a beautiful background for the
photograph.

95
#22

The Long Day - E xp8cried Version
After returning home, Jodi stood on her deck and was able to look
down at the shore. The sand looked soft and cool, and the gentle waves
were inviting, especially after a long day. Later, after she had run the water,
Jodi took off her robe. She stuck her foot into the tub and was pleased to
find that the temperature was just right.
midpoint
The Long Day - Unexpected Version
After returning home, Jodi stood on her deck and was able to look
down at the shore. The sand looked soft and cool, and the gentle waves
were inviting, especially after a long day. After quickly changing out of her
work clothes, Jodi slipped on her robe eagerly, ready to be in the water.
Once in front of the water, Jodi stuck her foot in. She was pleased to find
that the temperature was just right.
midpoint
She sat down in the tub and reached for the bar of soap. She leaned
back and relaxed. Construction work left her very tired and dirty by the end
of the day. After simply resting in the warm water for a moment, she began
lathering up a washcloth with her favorite lavendar-smelling soap. Although
she was anxious to be clean, there was no hurry.
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#23
The Artist - Hxp acted Version
The artist had carefully frosted the beautiful pastry just in time for his
wife’s birthday. The party would start in an hour.

He set his frosting knife

down and wiped his hands on his apron. Although he must let it sit for
awhile, his two-layered creation seemed to have turned out perfect and
chocolate was her favorite flavor. The artist wondered when he should light
the blue and white birthday candles.
midpoint
The Artist - Unsxpsstsd Version
The artist stood back to look at his creation and brushed his dirty
hands on his apron. Although he must let it sit for awhile, his latest creation
seemed to have turned out perfect. The artist looked again at the colors he
had used and suddenly began to mix two shades of blue and white to create
yet one more accenting color. He was very proud of his creation and signed
his name in the corner.
midpoint
Picking up the handle of the knife, the artist used the dull blade to
make one final dab at some frosting which was dripping down the top layer
of his dessert. As a bit of the chocolate frosting dripped onto his fingers, he
happily licked them clean. He rearranged the birthday candles slightly on
top. He had decided to light them just before everyone began to sing,
“Happy Birthday.”
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#24
Mr. Simpson-Expaotts) Version
Mr. Simpson, my next door neighbor, loves to work outside. All spring
and summer, I saw him out in his garden taking care of his rows of corn,
tomatoes, and other vegetables. Now that the weather has changed and it
is so much colder, I often see him in the mornings, wearing his heavy coat
and boots, carrying his shovel out of the garden shed. Often, he kindly
scoops my driveway as well.
midpoint
Mr. Simpson-yonia^pacirad Version
Mr. Simpson, my next door neighbor, loves to work outside. All spring
and summer, I saw him out in his garden digging and weeding among his
rows of corn, tomatoes, and other vegetables. Although the weather has
changed, and it is colder, I often see him in the mornings, carrying his shovel
out of the garden shed.
midpoint
He always begins at the edge of his driveway, scooping up large
shovels full of fluffy flakes and tossing them over onto the drifts where his
grass had been growing lush and green just a few months ago. On very
blustery days, he may have to scoop his driveway more than once, but he
always seems to enjoy this tradition after each winter storm of white.
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Appendix C
Counterbalancing Format Sample
Counter Sequence A-1
Passage

Version

Position

Target/

Word

competing
Frank and his father

un

end

target

campfire

The long day

un

middle

target

bathe

The lion

un

middle

target

camera

The house

un

end

compete

Landlord and tenant

un

middle

target

The new arrival

ex

middle

compete

baby

The office

un

end

compete

principal

The Carpenter

un

end

target

tire

The big game

ex

end

compete

stadium

A wet puppy

un

end

compete

rain

The artist

ex

middle

compete

painting

Mr. Simpson

ex

middle

target

snow

The cowboy

un

middle

compete

horse

Annie talks with father

ex

end

compete

deer

Taking walk with Mike

ex

middle

compete

butterfly

Billy’s breakfast

ex

end

target

bread

Fun at park

ex

middle

target

swing

Busy in kitchen

un

middle

compete

cookies

Jack and Andy

un

end

target

snowfort

The maid

un

middle

compete

bathroom

purchase
car
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The firefighter

ex

end

compete

building

The hike

ex

middle

target

bottle
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Appendix D
Instructions
You will listen to 24 brief stories. Before hearing each story, you will
hear its title. Be sure to listen carefully to the title of the story before listening
to it. Each story is divided into two parts: the first half and the second half.
At some point, either at the end of the first half or at the end of the second
half of the story, I will read some test words to you. As I read each word, you
are to decide (“yes” or “no”) whether that word is consistent with your
understanding or interpretation of the story. In those cases you should
always respond “yes” because the word actually appeared in the story, but
you may choose to respond “yes” anyway because the word fits with your
general understanding/interpretation of the story.
For example, if you were to listen to a story about someone writing a
letter and running out of ink and you believed the person was using a pen,
even though the word “pen” never appeared in the story, you would still
respond “yes” if “pen” was given as a test word. The is because you
believed “pen” was consistent with your understanding or interpretation of
the story. However, you may not believe that “pen” is consistent with your
understanding or interpretation of the story. You may think that something
else was being used to write the letter. In that case, you would respond “no”
to the test word “pen.” If the test words appear in the middle of the story, you
will still listen to the remainder of the story after responding to the test words.

Do you understand?
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After you have listened to 6 stories, you will be asked questions about those
stories.

Do you have any questions?
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Appendix €

Sequence:

2
3

Name:

4 Group:
5 I D.O.B.:
6

Gender:

7

Race:

m

O

A

1

O

CD

Story Protocol Sample, A-1
F

G

|

H

A -1

3rd
I M

16 th

! college

I

I

l

l

!

I

I KEY

I EX P E ND TAF

F

8
9 1 end
1 0 Target
1 1 new

lE rin 's

:new

I o ld

trip
f lib r a ry

Yes

I apple

1 2 old

! desk

1 3 new

i bowl

1 4 new

i mermaid

1 5 old
1 6 old

I city
I fine

1 7 new

: star

1 8 fold

I help

2 0 new

! b a r re l

2 1 new'

I product

.......................
1 9 old

_____l y e s

I no
I no

ly e s

lyes

I no

I no

I no

I no

I no

ly e s

ly es
I yes
lyes
yes:

I no
yes! no

ly es

I no
yes;

I lady

lyes

I no

No

I no

.........I y « s ..
I no
ly e s
ly e s

yes! no

I no

I no

I no

2 2
2 3
2 4 2 end

I B ig

afte rn o o n

2 5 Target

I sewing
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I cabin

new

I new

I o ld

I needle

I no

lyes

I no

I no

I no

ly e s

lyes

2 9 old

■book

lyes

I no

ly e s

I lamp

ly e s

I no

ly e s

3 1

lyes
yes!

I hobby

old

3 3 new

I hockey

3 4 new

: marble

lyes

I no

I no

I no

ly e s

y e s i no

I no

I no

I no

3 5

Yes

No

I no

ly e s

3 0 old
32

I EXP E N D TAF
I

2 7

2 8 ' old

I KEY

I no

3 6 old

yes;

: pattern

I no

ly e s

i 3 7
3 8
3 9 3 end
4 0 Target
14 1 new

: Frank

a nd

father

I o ld

: blood

4 3 i old

ly e s
^fish

4 5 ! new

I UN END T AR
Yes

I 4 2; new
4 4 ! old

I KEY

:ne w

: campfire

yes
•yes

y e s : no

I no

yes! no

I no

I no

ly e s

I no

'y e s

; no

I no

4 6 : new

I noodle

; yes

I no

I no

4 7 i new

: maple

;yes

I no

I no
es

No
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I

!

A

I

!

B

j 4 9 ! new

C

F

E

D

I factory

yes

!

i no

H

G

I no

5 0Told

I dinner

yes

I no

iy e s

5 1 old

i pepper

yes

I no

ly e s

5 2
5 3

I

5 4 4

!
Long

mi d

!

d ay

!

'

o ld

5 5 Ta rg e t

I bathe
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9 1 Q uestion

1 : I Erin’s Trip:

9 2 Question

2 : i The Big Afternoon:
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3: [Frank and his Father:

9 4 Q uestion

4: IT h e Long Day:
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In what kind of building did Erin use the elevator?
What was the surgeon doing?
Frank and his father heated their dinner over what?

The temperature was iust right for Jodi to do what?
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5: IT h e Lion:
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6 : I The House: The man inspected the details of the house because

The hunter took a shot with what?
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1 8 'j Q u e s t i o n

7: :The Landlord and the Tenant:

1 8 2 Q uestion

8 :..;The .Arriyal: . Mr.. a n d ^ ..................................................................................................................... ...........

The landlord and the tenant bargained on a deal for vvhat?

1 8 3 Q uestion

9 •..j.J.he .Office:

1 8 4 Q u estio n

1 0 ; T h e Carpenter:

1 8 5 Q u estio n

1 1 : The Big Game: Where was Tommy watching thebaseball game?....................... j..........................

1 8 6 Q uestion

1 2 :[A W e t ..Puppy: ...Why .[s.the ..puppy ..wej?

1 8 /I

Who is Phillip’s appointment with?....... [ ....................... j.................... i..........................
The carpenter hit the nail with his what?
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|2 6 3 Q u e s t i o n

1 3 : The Artist:

!2 6 4 Q u e s t i o n

14:; Mr. Simpson:

What was Mr. Simpson going to shovel?

2 6 ^ Q uestion

15 :-The Cowboy:

What was the cowboy goinq to ride?

What was the artist working on?

)2 6 6 Q u e s t i o n

16:: Annie Talks to Her Father:

2 6 7 Q uestion

1 7 : Taking a Walk with Mike:

2 6 8 Q uestion

1 Si Billy's Breakfast:

What kind of tracks did Annie and her father see?
What did Mike see flying in the sky? !

Wh at did Billy put in the toaster?
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3 4 4 Q uestion

1 9 : At the Park:

3 4 6 Q uestion

2 0 : Busy in the Kitchen:

3 4 7] Q u e s t i o n

2 1 : Jack and Andy:

3 4 8 Q uestion

2 2 : The maid:

3 4 9 Q uestion
i
3 5 0 Question

2 3 :'T h e Firefighter:
2 4 : The Hike:

On what was Jenny playinq?
What were Jim and Jane making?

What were they building in the snow?

The maid open the door to what?
From where did the firefighter iump?

The scoutmaster advised Sam to make sure that his cap was on tight on what?

